INTRODUCTION
A considerable amount of research work has been published in the chemical, biological and medical literature from which a number of conclusions have been drawn regarding the relationship between chemical constitution and disinfectant action. There are also many papers on record which contain a more or less successful attempt to visualize the mechanism of disinfection and to define it, if possible, chemically or physically. Although the disinfectant action of phenol and its derivatives has been known for some time, the ultimate mode of its action upon the microorganisms remains unknown. An attempt has been made by Loew (1893) to correlate the germicidal action of phenol with its reactivity toward aldehyde groups of the protoplasm. Cooper and collaborators (Cooper, 1913; Cooper and Sanders, 1927; Cooper and Mason, 1928) attribute the disinfectant action of phenol to its capacity of acting as a protein precipitant. The assumption made by Loew cannot hold in all cases because it is known that certain phenol derivatives, such as pentahalogen phenol, are very potent germicides under certain conditions, although by virtue of their constitution they cannot be regarded as capable of a condensation reaction with aldehyde groups. Regarding the work by Cooper and his collaborators, one may 2KARMAN, SHTERNOV AND VON WOWERN say that the precipitation of proteins by phenol and its derivatives may very well be preceded by a chemical reaction between the disinfectant chemical and the protein; besides, it appears from a number of references in the literature, that disinfectant action in the presence of protein need not be accompanied by the precipitation of the latter.
From the findings of other investigators, hitherto published, it is rather difficult to obtain a definite idea which could be made the basis of a working hypothesis for the subject under consideration. With the experimental evidence on hand it appears to be impossible to say whether a sinple penetration of the disinfectant compound into the living cell or a change of the physical-chemical conditions within, or a chemical reaction with definite cell constituents, or some other process, is responsible for what eventually appears to be the "germicidal action." More recently there has been a tendency to attribute the germ killing action to more or less definite chemical reactions, (e.g. formation of salts or salt like compounds), which might be accompanied by other reactions (Schneider, 1926 ).
An attempt to base the bacteriostatic action of organic dyes upon the assumption of a reaction between definite chemical groups was made by Stearn and Stearn (1926) . According to Simon and Wood (1914) there are in the bacterial organism receptors for either acidic or basic substances; this might be represented by a type formula R H the amino group acting as a re-COOH ceptor for acid substances and the carboxyl group as a receptor for basic ones Schnitzer (1928) . The determination of specific chemical groups of cell substances which play a part in the fixation of the toxic molecule, has not as yet been accomplished directly, but such determination might be attempted by a process of elimination. Thus, if it be found that certain substances inhibit the germicidal action, e.g., of phenol, one could assume that groups which are responsible for the fixation of phenol to this substance and its inactivation in a germicidal sense, are also present in the cell. It is our intention to use this procedure in our attempts to contribute to the elucidation of the mechanism of disinfection by phenol, resorcinol and their halogen derivatives.
From older work, which has direct reference to the germicidal action of polyhalogen phenol derivatives and its reduction by organic matter, the paper by Bechhold and Ehrlich (1906) appears to be the most important. These authors endeavored to find a compound which would be satisfactory for "internal" antisepsis, i.e., would show a pronounced bacteriotropic and at the same time a minimal organotropic action. In the series of the halogen derivatives of phenol, they tested tri-, tetra-and pentahalogen phenol. They conclude from their work that "the introduction of halogen (Cl, Br) into phenol increases its germicidal action with the number of halogen atoms introduced (1 molecule of penta-bromo-phenol having the same effect upon B. diphtheriae as 500 molecules of phenol)" and that "the most effective disinfectants (such as tetra-bromo-o-cresol or tetra-chloro-o-biphenol) fail to act in the presence of serum, although they do not precipitate it." These conclusions would lead one to assume that halogen substitution produces compounds, the germicidal efficacy of which is impaired by organic matter. It was later shown, however, by Laubenheimer (1909) that mono-halogen substituted alkyl derivatives of phenol, although much more powerful than the unsubstituted compounds, are only partly inactivated in the presence of serum.
An important contribution to the problem of inactivation of phenol derivatives by organic matter has been made by Sabalitschka (1928) . This author has shown that while the germicidal effect of p-hydroxy-benzoic acid is very considerably reduced in the presence of protein matter, the efficacy of its alkyl esters is practically the same as in the absence of organic matter. He explains this by assuming that the compound with a free carboxyl group, is capable of entering into chemical combination with the organic matter, which does not take place in the case of the ester.
Attention should finally be called to a paper by Klarmann and Von Wowern (1929) , who studied the influence of halogenation of 2 ,4-dihydroxydiphenyhmethane upon the germicidal efficacy and its reduction by organic matter. In this case, also, a very considerable increase of germicidal efficacy was observed, different results having been obtained depending on whether the halogen was introduced into the dihydroxy-substituted or the unsubstituted nucleus. The reduction of germicidal efficacy of these compounds by standard2 organic matter was very pronounced.
EXPERIMENTAL
We assumed that a closer investigation of the disinfectant action of the halogen derivatives of phenol and resorcinol by means of standard methods and of its impairment by organic matter, would simplify the classification of the various subproblems and would lead to a choice of satisfactory chemical and bacteriological testing material for further work.
Standard bactertological technique In this investigation, two microorganisms, namely B. typhosus and Staph. pyogenes-aureus, were used. Fresh twenty-four-hour broth cultures were taken. The composition of broth was as follows: Liebig's beef extract "Lemco" 0.5 per cent, "Difco" peptone 1 per cent and sodium chloride 0.5 per cent, reaction adjusted to pH 6.8. The germicidal efficacy of the various compounds was tested by exposing 0.5 cc. of culture to the action of 5 cc. of the diluted disinfectant for a period of five, ten and fifteen minutes respectively, transferring a loopful into fresh media and incubating for forty-eight hours, after which the final readings were made. In experiments with organic matter, a stanidard mixture was used consisting of 10 per cent "Difco" peptone and 5 per cent gelatin, 1 cc. of this mixture being added to 5 cc. of In order to ascertain the influence of halogen substitution upon the bactericidal efficacy and its reduction by organic matter, a organic matter being 1. m-Chloro-phenol seems to be an exception, in that it is germicidally more active, and the reduction of its germicidal efficacy by organic matter is more pronounced, than in the case of its isomers. There is also a direct relationship between the degree of reduction of the germicidal power by organic matter and the number of halogen atoms in the phenol derivative. Table 3 illustrates the influence of halogenation of certain alkyl derivatives of phenol upon the germicidal action. In all cases halogenation produces a very marked increase of germicidal efficacy. Considerable impairment of the disinfectant action is observed in the case of certain alkyl derivatives of phenol, the difference between the efficacy in the absence and in the presence of organic matter being particularly noticeable in tests with Staph. pyogenes-aureus. Thus m-cresol and xylenol show about the same germicidal efficacy against B. typhosus and Staph. pyogenes-aureus and there is no pronounced impairment of the germicidal efficacy by organic matter. On the other hand, organic matter reduces the disinfectant action of thymol and carvacrol against Staph. pyogentes-aureus more than 50 per cent, while the reduction in the case of B. typhosus is comparatively insignificant.
The germicidal efficacy of 4-chloro-m-cresol is considerably greater than that of the unsubstituted m-cresol, the increase being much more pronounced against B. typhosus than Staph. pyogenes-aureus. The series of halogen derivatives of resorcinol was investigated in a similar manner. Although the introduction of alkyl groups into the nucleus of phenol is known to lead to derivatives showing great germicidal potency [Simon and Wood (1914) ], one finds that halogenation of resorcinol, although leading to compounds which are much stronger disinfectants than resorcinol itself, does not produce derivatives of unusually high germicidal action, comparable, e.g., to that of the alkyl derivatives of resorcinol; this is clearly in contrast to the corresponding conditions in the case of phenol. Influence of the media upon the bactericidal action The considerable reduction of disinfectant action by organic matter previously dealt with suggested the possibility that the small quantity of organic matter present in the media might affect the disinfectant action to some extent. In other words, it was reasonable to suppose that if the culture were entirely freed from its media, it would be more accessible to the action of the disinfectant than when brought in contact with the disinfectant solution with the media adhering. In order to determine whether this is the case, tri-chloro-phenol was tested first, because in the case of this substance, the most distinct reduction of germicidal efficacy by organic matter was expected. When the experiment corroborated our surmise with reference to this chemical, the investigation was extended to dichlororesorcinol. This substance was chosen because it combines the advantage of satisfactory solubility in water with a sufficient sensitiveness of germicidal efficacy to the presence of organic matter. It was also necessary to make sure that the viability of the germ was not markedly impaired by the process of centrifuging. This was done by testing the resistance of the germ against phenol under the same conditions.
The following procedure was adopted: 10 cc. of culture was first centrifuged and the clear supernatant liquid drawn off. Then the bacterial residue was stirred up with a sterile platinum wire and 10 cc. of sterile physiological salt solution added. After thorough mixing the tube was centrifuged. The supernatant liquid was drawn off and the residue stirred with a fresh portion of physiological salt solution and filtered. Five-tenths cubic centimeter of the suspension was removed and mixed with the diluted disinfectant. It may be assumed that by this method practically all organic matter is removed. Table 5 shows the maximum dilutions of the substances tested which kill B. typhosus and Staph. pyogenes-aureus previously washed with a physiological salt solution. These dilutions are compared with the practical dilutions of the regular tests. The ratio coluimns indicate the relationship between the dilutions required to kill "washed" and "not washed" bacteria.
It appears first that the presence of the minute quantity or organic matter in the media influences the germicidal action of phenol only slightly. If the germicidal efficacy of phenol against B. typhosus and -Staph. pyogenes-aureus is regarded as 1 in the regular test, then the phenol seems to be 1.22 times more effective against B. typhosus and 1.20 times more effective against Staph. pyogenes-aureus in the absence of media. Considerably greater differences are observed in the cases of the other two substances. Thus tri-chloro-phenol seems to show more than twice the efficacy against both B. typhosus and Staph. pyogenes-aureus when the minute quantity of the organic matter from the media is removed. Similar conditions are encountered in the case of di-chloro-resorcinol.
Referring to tri-chloro-phenol, the same remarks hold as given before, viz., the tests in the second horizontal column were carried out in the presence of alcohol, which fact may detract from the objective value of our findings. However, it appears from the tests in the third horizontal column, which refer to tests carried out with a saturated aqueous solution of tri-chloro-phenol, that the difference between tests carried out in the presence and those in the absence of alcohol, cannot be regarded as important. The blank spaces in the table indicate that in these particular cases, the saturated aqueous solution of tri-chloro-phenol (approximately 1 :2000) was not sufficiently strong to effect a killing of the germs.
It is also of interest to consider the experiments which were carried out using "washed" bacteria with the subsequent addition of standard organic matter, as required by the specifications of the Hygienic Laboratory method. It appears that in practically all cases the dilution of disinfectant required to kill the "washed" germs in the presence of standard organic matter corresponds very closely to the concentration required to kill "untreated" germs such as are used in the regular working procedure. From this two conclusions can be drawn:
1. Centrifuging did not impair the viability of the germ because under the conditions of the regular test, the "washed" germ showed the same resistance against the disinfectants tested as the untreated germ.5 2. The fact that the germicidal efficacy against "washed" germs is greater is owing practically entirely to the removal of the minute quantity of organic matter, normally present in 0.5 cc. of the culture which is brought in contact with the diluted disinfectant.
Finally another experiment was carried out in order to prove that the small quantity of organic matter present in the media is responsible for the considerable reduction of germicidal efficacy of certain compounds. A comparison of the following two cases suggested itself: In one case the quantity of media which is normally present in the amount of culture used is first brought into contact with the dilute disinfectant and subsequently with a culture previously freed from its media. In the other case the micro6rganism, freed from its media, is brought into contact with the dilute disinfectant first, and the media added subsequently. If the small quantity of organic matter present in the media actually interferes with the germicidal action of the disinfectant, then in the first experiment the effect would have to be less than in the second; it is understood, of course, that the micro6rganisms are exposed to the action of the disinfectant for the same period of time in both cases.
The process used is as follows: The culture is freed from its media by centrifuging and treating with a physiological salt solution as described before. In one case ("A") 0.5 cc. of media is added to 5 cc. of diluted disinfectant and allowed to stand three minutes, whereupon 0.5 cc. of "washed" culture is introduced. From this time on the procedure corresponds to that of our regu-KARMANN, SHTERNOV AND VON WOWERN lar standard bacteriological technique, i.e., one loopful is removed from this mixture and transplanted into fresh media after five, ten and fifteen minutes of contact respectively. In the other case ("B") 0.5 cc. of a suspension of culture in physiological salt solution is added to 5 cc. of disinfectant. After three minutes 0.5 cc. of media is introduced and two minutes later the first transplant is made in fresh broth; the following transplants are made five and ten minutes after the first transplant. Thus, also in this case, the bacteria were in contact with the disinfectant for five, ten and fifteen minutes respectively. In other words, the purpose of this experiment was to obtain a temporal separation of the two factors, namely germ and media, and to subject The experiments were carried out with both B. typhosus and Staph. pyogenes-aureus using both phenol and dichlororesorcinol as germicides. Table 6 illustrates the conditions encountered.
It appears that there is a very considerable increase in the efficiency of dichlororesorcinol against B. typhosus when the operations are carried out according to scheme described under "B."
The difference observed in the case of Staph. progenes-aureus is much less pronounced. In the case of phenol, no great difference between the two procedures could be expected on the basis of our previous experiments and none was found.
NOTES ON THE PREPARATION OF THE CHEMICAL COMPOUNDS USED IN THIS WORK
The substances used in this work were either prepared in our laboratory or purchased from the Eastman Company. All substances bought were carefully examined for purity, either by a determination of the melting point or by a halogen determination or both.
The determination of halogen was carried out in all cases according to Pregl's micro-modification of Carius' method. In those cases where the purity was not satisfactory for our purposes a further purification was carried out by redistillation or recrystallization.
Following are notes on the preparation of those chemicals which were made in our laboratory.
Preparation of 4-chloro-thymol C6H2(OH) * CH3* C3H7 Cl Thymol was dissolved in two parts of carbon tetrachloride. The theoretical quantity of sulfuryl chloride was added drop by drop, with stirring and cooling. The carbon tetrachloride solution was shaken with a 10 per cent sodium hydroxide solution which dissolved the chlorothymol. The alkaline solution was separated from the carbon tetrachloride, washed with ether in order to remove traces of carbon tetrachloride and acidified. The precipitated oily chlorination product was washed with water, dried with sodium sulphate and distilled in a vacuum (5 mm.). The fraction boiling at 110 to 1200 solidified. It was remelted and stirred with petroleum benzene until cold. Melting point (uncorrected) 600, (lit. 59-60° Preparation of 4,6-dichloro-resorcinol C6H2(OH)2C12 This compound was prepared by treating a solution of resorcinol in ether with a 6 per cent solution of chlorine in carbon tetrachloride, using an excess of 5 per cent of chlorine over the amount of resorcinol. After the formation of hydrogen chloride fumes had subsided an air current was passed through the mixture in order to remove most of the solvent and of the hydrogen chloride. The remaining concentrated solution was decolorized The attempt to prepare this compound according to the method of Reinhard (1878) Although the experimental results of this paper do not as yet, permit definite conclusions to be drawn regarding the processes which are responsible for this impairment of germicidal efficacy, the following will give an idea of the working hypothesis on the basis of which we expect to proceed in further work on this problem.
The concept of organic matter, as used in bacteriological phraseology, is rather indefinite from a chemical viewpoint. Both constituents of the so-called organic matter, namely, gelatin and peptone, are products of partial hydrolysis of protein and might, in the light of older and recent studies on the chemical constitution of proteins and their cleavage products, be regarded probably as mixtures of polypeptides, amino-acid anhydrides and amino acids. In any case, the composition of organic matter will differ qualitatively and quantitatively, depending upon the initial material used and the method and duration of protein It is assumed that the impairment of the germicidal action of the compounds studied in, this paper will be influenced by the presence of certain free reactive groups in these more complex protein cleavage products, such as the NH2, COOH, OH, NH and SH groups; however, in contrast to the ideas of investigators whose work has been mentioned in the introduction, we believe that such impairment will not be brought about by a definite chemical reaction between the disinfecting compound and the "reactive" group, but rather by the formation of "additive" compounds in which, as in Werner's compounds, the secondary valencies will play an important role. Assuming for instance that the reactive group in the protein is the amino group, then the additive compound may be represented thus:
Protein-NH2....HO -R
The degree of impairment of the disinfectant action of a phenol derivative by organic matter will depend upon the stability of the additive compound of the respective phenol derivative and the protein cleavage product bearing the reactive amino group. In this particular instance the stability will depend upon the affinity of the hydroxyl group or groups for the amino group or groups. One factor, which will influence the affinity, will be the "acidity" of the hydroxyl group, which depends, e.g., upon the number of halogen atoms in the nucleus of the phenol derivative and the "basicity" of the amino group which depends, e.g., upon the amino acid or peptide which carries the amino group.
It is obvious that these ideas regarding the impairment of disinfectant action by reactive groups may be applied to the disinfecting action proper, since possibly groups in proteins which hinder disinfecting action, may bear resemblance to those which attach the disinfectant molecule to the cell. Of course, this does not mean that the importance of other factors, such as distribution coefficient, solubility, surface tension, etc., is disregarded. They probably relate to the physical phases of the process of disinfection which precede the chemical phase,
